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? 2.10 ???????? 2015???????
歩行者や自転車の往来が多い歩道，および探索領域
(6) つくばセンター．歩行者や自転車が多い．
(7) 比較的走行が容易な探索領域． (8) 探索領域における街路樹と縁石．
(5) 一般遊歩道．歩行者や自転車が多い．








? 2.12 ???????? 2015???????
(13) 横断歩道． (14) 一般歩道．進行方向の左側が開放されている．
横断歩道，および一般歩道
(15) 車両進入止めのポール． (16) Goal付近．
Goal





????????????????????? 2013?? 2015????????? 4)??
????????????????????? 2015?????????????????
??????????????????????????????? 2.9????????

















































































































































































































































































































































































30LX???????? 270[deg]????????? 30[m]???????????? (?








Laptop PC CPU:CoreTM i5-2520M vPro:2.5[GHz], Mem:4[GB]
OS:Linux ubuntu 12.04
Micro Computer Alpha Project, AP-SH2F-11A(CPU:SH7136)
Gyro Silicon Sensing Japan, CRS09-22
DGPS Receiver Hemisphere, A100
2D-Laser Scanner Hokuyo, UTM-30LX 2
3D-Laser Scanner Hokuyo, YVT-X001
Motor Maxon, RE35 90[W] 2
Encorder Maxon, HEDL 5540(500[pulse])2
Motor Driver Hibot, H1-Axis DC Power Module2






















































































































































































































































































































































































?????????????? 4.5 (d)??? (DGPS????????????????






























































Raw Odometry or Estimated Odometry
(a) Course in Utsunomiya University (b) DGPS measurement point and High accuracy point
Error1Lost
(c) Grid map made by Raw gyro-odometry (d) Grid map made by adjusted gyro-odometry
(e) Grid map made by DGPS measurement points  (f) Grid map made by Our method  




























1. Prediction 2. Calculation of Likelihood
by DGPS Point 
3. ReSampling





2. Calculation of Likelihood











(vt + t) sin
i tdt (4.2)
it = gt +
i  (4.3)
0  i M   1
FastSLAM??????????????????????????????????
????? [55]????????????????? t???????????? vt ??
????????????M ???i????????? (ixt;i yt;i t)????????





?? DGPS?????? (pxn;p yt;p t)???? t???? i?????????????
i
ndt??????????????????????????????????? 1.0??







































? (4.8)???????imt??? t???? i????????????????????





















































































































Estimated Trajectory by Particle Filter

































































Estimated Trajectory by Particle Filter




































???????????????????????????? \Monte Carlo Localization"
55
4.6 ???????????????




















































































































































(1) (2) (3) (4) (5) (6) (7) (8) (9)













































































































(a) 芝生と歩道の境界（つくばチャレンジ2015） (b) 街路樹保護の縁石（つくばチャレンジ2015）





















\Monte Carlo Localization"?????????? [55]????????????????
???????? 4????????????????????????????????





















??? r????? ??????? ????????????????? x; y; z??
( 5.1)-( 5.3)?????? [70]?? 5.5??????????? 5.1??????????
????????????????????????????????????? 5.5??
???? 1???????????? 210[deg],?????+35[deg]??-5[deg]?????
















??? 5.4 (a)???????????? (b)????????????lg > l?????
??????? Spot????? (???rg,???r)?????rg > r?????????
????????? r?????????????????????? x?????? ?
????????x; y; z???????????? ( 5.4)-( 5.6)????????????
z?????? ???????sin????????????? ( 5.6)????????










































x = l cos  cos (5.1)
y = l cos  sin (5.2)
z = l sin  (5.3)
  0;   0
x = l cos( + ) cos  l cos (5.4)
y = l cos( + ) sin  l sin (5.5)
z = l sin( + )  l( + ) (5.6)
r =
p









?????????? Spot?????????????n??? Spot????? rn??
( 5.7)?????Spot?????????Spot?????????????????? 5.7
??????????????????????? Spot?? n=40??????????




(a) 平面 (b) 縁石周辺
Spot [40] Spot [40]
縁石
ロボット
? 5.6 Scan Range
? 5.7 ????????????
???????????????? ( 5.8)??????????????????? Spot
?? n??????Rn?????????? n?Rn????????????????
?????????????Rn? rn???????????? 5.9??????????










??????? 5.8 (a)?????????????????????? rn ?????



















































????? 15[cm]???????????????? = 1:18??????
?????????
?????????? z?? ( 5.3)????????????????? l??????






















(a) 高さ (b) 高さの変化量











































































































Start and Goal 走行軌跡
(White)














































































































































































??????????????? T ????????:vref ??????:wref ?????




vref = V (6.1)


































































TTC????????????? V ??????????????? d???????
?? TTC?????????? ( 6.3)???????????????????????
???????????TTC ? 6[sec]??????
V = d=TTC (6.3)
6.3.4 ????
????????????????????????????????????????












































??????? TTC???????????????????????? 6.4 ????
????? 2014? 11? 14?????????????? 2014?????????????
??????????????????????????????????????? 6.5




























(1) 120m 通常走行から追従走行 (2) 125m TTC制御による追従走行












































































































1. 現在の経路を表示 2. 修正経路を入力














































? 7.4 ???????? 2015????????????????
??????????????
?????























? 7.6 Area (B). ??????????????????
??
? 7.4? Area(B)?? 7.6????????????(a)-(c)????????????
?????????????????????????????????????????
















































































































































































































(1))???????? (? 7.8 (2))??????????????????????????
????? (? 7.8 (3)(4))?????????????????????????????
????????? (? 7.8 (5)(6))?????????????????????????
?????????????????????????????????????????
????????????????????????? (? 7.8 (7))??????????
????????????????????????????????????? (? 7.8











































































































































































1520 39 4/5 完走
2013-
8th 


























1500 37 1/5 完走
2014-
5th 
10/13 雨 システムトラブルによりリタイア 940 23 2/5 リタイア
2014-
6th 








1129 34 1/5 リタイア
2014-
8th 
11/14 晴れ - 1750 48 2/5 完走
2014-
9th 
11/15 晴れ - 1753 50 2/5 完走
2014-
Final













1580 46 3/4 完走
2015-
4th














870 34 4/4 リタイア
2015-
7th
11/7 晴れ 横断歩道で、リスタートに失敗。 1400 68 3/4 リタイア
2015-
Final
11/8 雨 筆者コメント：雨の中，通常通りの走行が出来た． 1580 61 1/4 完走


























































































































































































??????? 8.11?????????? (? 8.11 (1))???????????????
?????? 3[m]?????????????????????????? 1.5[m]???
??????????????????????????? (? 8.11 (2))????????
???????????????? (3[sec])?????????????????????
???????????????????????? (? 8.11 (3))???????????
???????????????????????????? 0.6[m]??????????
????????? (? 8.11 (4))??????? (? 8.11 (5))?????????????
?????????????????????????????????????????


































??????????????????????? (? 8.12 (2)(3))???????????
?????????????????????????????????????????
??????????????????? (? 8.12 (4)(5))??????????????




(1) 相互に接近 (2) 接触
(3) 停止 (4) 相手ロボット後退




































































1. Start 2. 公園遊歩道
3. 前方のロボットに追従走行 4. 一般遊歩道
5. つくばセンター 6. 対象人物を検知してアプローチ
7. 横断歩道前で一時停止 8. 横断歩道を渡る
? 8.15 ??????????????? 2015???
121
8.7 ???








































































































































































































































































































































? A.1 ???????? 2007
132
A.1 ???????? 2007?? 2011
Pamphlet, Tsukuba Challenge2008
? A.2 ???????? 2008
? A.3 ???????? 2009
? A.4 ???????? 2010
133
A.2 ???????? 2013??
? A.5 ???????? 2011,2012
A.2 ????????2013??
2013????????????????? (? A.6)??????????? 2013???




















































(1) スタート地点 (2) 公園内遊歩道の開けた場所
(3) 公園 (4) 遊歩道
(5) つくばセンター1 (6) つくばセンター2
(7) つくばセンター遊歩道 (8) ゴール













????????? oTk ??????????????? oTk ???????????
????????????????????????????? oTk ?????????
5???????





? Tn???????????????? pTn ????????????????????














? ?B DGPS???????????? ???????
???????????????????????? B.3(b)?????????????
???????????????????????????????????????














Attitude Estimation by DGPS DGPS High Accuracy Point
time
Difference of Attitude between Gyro and Estimation
Standard Deviation
Threshold 


























Size of Standard-Deviation of Gyro-Offset
High Accuracy Point
DGPS Measurement Point







6 DGPS Measurement point
High Accuracy Point
Adjusted Gyro-Odometry
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